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(54) Plasma etching electrode and process for production thereof 

(57) The present invention provides: 

a plasma etching electrode made of single-crystal 
silicon, which has an electric resistance of 0.0001- 
40 ftcm, whose crystal faces are (100), which is 
doped with boron or phosphorus, whose surface 
has been subjected to an etching treatment with an 
acid, and which has been subjected to a heat treat- 
ment in vacuum, or a plasma etching electrode 
made of polycrystalline silicon, which has an elec- 
tric resistance of 0.0001-40 Clem, which is doped 
with boron or phosphorus, whose surface has been 
subjected to an etching treatment with an acid, and 
which has been subjected to a heat treatment in 
vacuum, and 

a process for producing a plasma etching elec- 
trode, which comprises doping metallic silicon with 
boron or phosphorus, subjecting the surface of the 
resulting material to an etching treatment with an 
acid, and subjecting the surface-etched material to 
a heat treatment in vacuum. 

With the plasma etching electrode, dust generation 
is minimized and uniform etching can be realized. 
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Description 

Background of the Invention 
s 1 . Field of the Invention 

The present invention relates to a parallel-plate type plasma etching electrode used in production of semiconductor 
integrated circuits (e.g. IC and LSIC) or guidewaves for optical communication, as well as to a process for production of 
the plasma etching electrode. 

w 

2. Description of the Related Art 

As semiconductor integrated circuits are becoming increasingly finer and more dense, the technical requirements 
for a parallel-plate type plasma etching electrode capable of forming a fine pattern on a wafer at a high accuracy are 
is becoming higher. 

The plasma etching electrodes in current use are made of aluminum, graphite, glassy carbon, quartz, metallic sili- 
con or the like. 

These conventional plasma etching electrodes, however, wear during plasma etching and, moreover, react with an 
introduced gas to become an oxide or a fluoride and vaporize. This vaporization may badly affect a material to be 

20 etched (e.g. a semiconductor device) although the degree differs depending upon the material constituting the elec- 
trode or the purity of the material. 

For example, aluminum, when it wears, generates its oxide which becomes a metal contamination source for mate- 
rial to be etched. Graphite, which is used as a sintered material, generates a large amount of dust during etching. 
Glassy carbon, although low in dust generation, has a limitation in purity and, further, contains a metal oxide which 

25 becomes a metal contamination source for material to be etched. Quartz, which originally has an insulating property, is 
not suitable for use as an electrode. 

Meanwhile, metallic silicon, which is a material used for production of semiconductor, has an advantage that its 
impurities can be controlled to the same level as in semiconductor device, etc. 

The conventional plasma etching electrode made of metallic silicon, however, generates dust because the microc- 

30 racks presumed to be present on the electrode surface are destroyed by a plasma. Although the influence of this dust 
on material to be etched (semiconductor device, etc.) is thought to be small as compared with the cases using elec- 
trodes of other materials such as mentioned above, because the metallic silicon constituting the dust is the same mate- 
rial as used in the semiconductor device, etc., it is inevitable to avoid the contamination of the material to be etched, 
with the dopant contained in the dust. 

35 Therefore, if there is developed a plasma etching electrode made of metallic silicon wherein the impurities are con- 
trolled to the same level as in semiconductor device, etc. and which generates no dust during plasma etching, it will 
greatly contribute to the development of a finer and more dense semiconductor integrated circuit. Object and Summary 
of the Invention 

In view of the above-mentioned situation of the prior art, the present invention is intended to provide a plasma etch- 
40 ing electrode wherein dust generation is minimized and which enables uniform etching, and a process for production of 
the plasma etching electrode. 

According to the present invention, there is provided: 

a plasma etching electrode made of single-crystal silicon, which has an electric resistance of 0.0001-40 £icm, 
45 whose crystal faces are (100), which is doped with boron or phosphorus, whose surface has been subjected to an 
etching treatment with an acid, and which has been subjected to a heat treatment in vacuum, or a plasma etching 
electrode made of polycrystalline silicon, which has an electric resistance of 0.0001 -40 £icm, which is doped with 
boron or phosphorus, whose surface has been subjected to an etching treatment with an acid, and which has been 
subjected to a heat treatment in vacuum, and 

50 

a process for producing a plasma etching electrode, which comprises doping metallic silicon with boron or phos- 
phorus, subjecting the surface of the resulting material to an etching treatment with an acid, and subjecting the sur- 
face-etched material to a heat treatment in vacuum. 

55 Detailed Description of the Invention 

The plasma etching electrode of the present invention is made of single-crystal silicon or polycrystalline silicon as 
mentioned above. This metallic silicon preferably has an electric resistance of 0.0001 -40 Hem, When the electric resist- 
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ance is larger than the above upper limit, the voltage required for generation of plasma is extremely high, heavily dam- 
aging the electrode. When the electric resistance is smaller than the above lower limit, a large amount of a dopant is 
contained in the metallic silicon, inviting the contamination of a material to be etched. 

When the metallic silicon is single-crystal silicon, three crystal faces (100), (1 10) and (111) are possible; however, 

5 in the present plasma etching electrode, the crystal faces of the metallic silicon are most preferably (1 00). When faces 
(110) and (111) are used, cracking appears easily in boring or peripheral machining and this invites generation of a 
large amount of dust during etching. 

While various dopants are used in conventional plasma etching electrodes, boron or phosphorus is used as a 
dopant in the plasma etching electrode of the present invention. When a dopant other than boron or phosphorus is 

to used, dust is generated and easily contaminates a material to be etched (e.g. silicon wafer) and, although the reason 
is unknown, the amount of dust generated is large. 

The amount of boron used as a dopant can be, for example, 1x10" 4 to 1x10 -3 ppm, and the amount of phosphorus 
used as a dopant can be, for example, 3x1 0 4 ppm to 10%. When the dopant amount is within the above range, the 
plasma etching electrode of the present invention can have an electric resistance falling in the above range. 

75 The plasma etching electrode of the present invention is made from a silicon material satisfying the above require- 
ments. However, even when the silicon material is processed under sufficient conditions, the resulting electrode has 
slight strain and microcracks on the surface; when such an electrode is used for plasma etching as it is, silicon is peeled 
from the strain and microcracks, generating a large amount of dust. Therefore, in the plasma etching electrode of the 
present invention, chemical etching with an acid is conducted against the electrode surface to reduce the strain and 

20 microcracks and thereby achieve significant reduction in dust generation. 

The acid used in the chemical etching can be any acid as long as it can dissolve metallic silicon. The acid includes, 
for example, hydrofluoric acid, a mixed acid of hydrofluoric acid, nitric acid, acetic acid, etc. 

After the chemical etching, a heat treatment in vacuum is conducted as a final step, whereby a plasma etching elec- 
trode of the present invention can be obtained. The heat treatment in vacuum has two purposes. The first purpose is to 

25 further reduce the microcracks remaining in a small amount after the chemical etching with an acid. The second pur- 
pose is to decompose the acid remaining in a small amount on the electrode surface after the chemical etching and 
remove other impurities. 

The temperature employed in the heat treatment in vacuum can be. for example. 200°C to 1.200°C. preferably 
400°Cto1,100°C. 

30 With the thus-produced plasma etching electrode of the present invention, dust generation caused by detachment 
of silicon is minimized and no contamination source is produced. Therefore, the present electrode can provide high- 
accuracy plasma etching. 

The present invention is hereinafter described in more detail by way of Examples. 

35 Example 1 

To a single-crystal silicon sheet which was doped with boron, which had an electric resistance of 35 ncm and which 
had crystal faces of (100), were applied boring (788 holes of 0.5 mm in diameter at a hole-to-hole distance of 7 mm) 
and machining into a disc shape (outer diameter: 280 mm. thickness: 5 mm), using a diamond tool. This disc-shaped 
40 silicon sheet was immersed in hydrofluoric acid of 50°C for 60 seconds to conduct chemical etching. Then, in order to 
remove the impurities on the silicon sheet, the silicon sheet was placed in a vacuum furnace and subjected to a heat 
treatment at 400°C for 1 hour, whereby a plasma etching electrode was produced. 

Example 2 

45 

A plasma etching electrode was produced in the same manner as in Example 1 except that there was used a sin- 
gle-crystal silicon sheet which was doped with boron, which had an electric resistance of 15 Ocm and which had crystal 
faces of (100) and that the silicon sheet was immersed in a mixed acid (hydrofluoric acid : nitric acid : acetic acid « 1 : 
4 : 1 [parts by weight]) of 50°C for 60 seconds. 

50 

Examples 3-1 1 

Plasma etching electrodes were produced in the same manner as in Example 2 except that single-crystal silicon 
sheets shown in Table 1 were used. 

55 

Example 12 

A plasma etching electrode was produced in the same manner as in Example 1 except that a polycrystalline silicon 
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sheet doped with boron and having an electric resistance of 35 Qcm was used. 
Example 13 

A plasma etching electrode was produced in the same manner as in Example 2 except that a single-crystal silicon 
sheet doped with boron and having an electric resistance of 15 Qcm was used. 

Examples 14-22 

Plasma etching electrodes were produced in the same manner as in Example 2 except that polycrystalline silicon 
sheets shown in Table 1 were used. 



Table 1 



75 




Silicon sheet 


Treatment for cracks 






ance (Xcm) 


Zinnia ^rwctal r\r 

polycrystal /crys- 
tal face 


Dopant 


onemicai etcnmg 


In-vacuum 
heat(400°C) treat- 
ment 




Examples 


1 


35 


Single crystal 

/( 1 00) 


Boron 


Hydrofluoric acid 


Yes 






2 




UITTO 


Boron 


Mixed acid 


Yes 






3 


1 o 


UtttO 


Phosphorus 


Ditto 


Yes 


25 




4 


d. 


Ditto 


Boron 


Ditto 


Yes 






5 


o 

d. 


UlttO 


Phosphorus 


Ditto 


Yes 






6 


U. 1 


DlttO 


Boron 


Ditto 


Yes 


30 




7 


U. 1 


DlttO 


Phosphorus 


Ditto 


Yes 






8 


0.01 


Ditto 


Boron 


Ditto 


Yes 

ICO 






9 


0.01 


Ditto 


Phosphorus 


Ditto 


Yes 


35 




10 


0.003 


Ditto 


Boron 


Ditto 


Yes 




11 


0.003 


Ditto 


Phosphorus 


Ditto 


Yes 






12 


35 


Polycrystal 


Boron 


Hydrofluoric acid 


Yes 






13 


15 


Ditto 


Boron 


Mixed acid 


Yes 


40 




14 


15 


Ditto 


Phosphorus 


Ditto 


Yes 






15 


2 


Ditto 


Boron 


Ditto 


Yes 






16 


2 


Ditto 


Phosphorus 


Ditto 


Yes 


45 




17 


0.1 


Ditto 


Boron 


Ditto 


Yes 




18 


0.1 


Ditto 


Phosphorus 


Ditto 


Yes 






19 


0.01 


Ditto 


Boron 


Ditto 


Yes 






20 


0.01 


Ditto 


Phosphorus 


Ditto 


Yes 


50 




21 


0.003 


Ditto 


Boron 


Ditto 


Yes 






22 


0.003 


Ditto 


Phosphorus 


Ditto 


Yes 



Comparative Example 1 

55 

A plasma etching electrode was produced in the same manner as in Example 2 except that no heat treatment in 
vacuum was conducted. 
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rv>mparati\/ft Examples 2-5 

Plasma etching electrodes were produced in the same manner as in Example 2 except that single-crystal silicon 
sheets shown in Table 2 were used. 

(Comparative Example 6 

A plasma etching electrode was produced in the same manner as in Example 2 except that no chemical etching 
was conducted. 

Comparativfl Example 7 

To a single-crystal silicon sheet which was doped with boron, which had an electric resistance of 0.00005 Ocm and 
which had crystal faces of (111). were applied boring (788 holes of 0.5 mm in diameter at a hole-to-hoe d.stance of 7 
mm) and rrSning into a disc shape (outer diameter: 280 mm. thickness: 5 mm), using a d.amond tool, whereby a 
plasma etching electrode was produced. 

Comparative Example 8 

A plasma etching electrode was produced in the same manner as in Example 1 except that there was used a sin- 
gle-crystal silicon sheet which was doped with arsenic, which had an electric resistance of 1 5 acm and wh.ch had crys- 
tal faces of (100). 

Comparativ e Example 9 

A plasma etching electrode was produced in the same manner as in Example 2 except that a polycrysteJ UJne titoon 
sheet doped with boron and having an electric resistance of 1 5 Qcm was used and no chem,cal etchmg was conducted. 

Comparative Example 10 

A plasma etching electrode was produced in the same manner as in Example 2 except that a polycrystalline silicon 
srJ S£?JShi bo?on and having an electric resistance of 1 5 Ocm was used and no heat treatment ,n vacuum was 
conducted. 

35 r.nmparativft Example 1 1 

To a polycrystalline silicon sheet doped with boron and having an electric resistance of 0.00005 ncm were applied 
borinq (788 holes of 0.5 mm in diameter at a hole-to-hole distance of 7 mm) and machin.ng into a d.sc shape (outer 
diameter: 280 mm. thickness: 5 mm), using a diamond tool, whereby a plasma etching electrode was produced. 
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Table 2 





Silicon sheet 


Treatment for cracks 




Electric resist- 
ance (Ocm) 


oniric uiyolal Oi 

polycrystal /crys- 
tal face 


Dopant 


Chemical etching 


In-vacuum 
heat(400°C) 
treatment 


Comparative 
Examolp^ 


1 


15 


Single crystal 
/(1 00) 


Boron 


Mixed acid 


No 




2 


15 


Single crystal 
/(HI) 


Ditto 


Ditto 


Yes 




o 


15 


Single crystal 
/(110) 


Ditto 


Ditto 


Yes 




4 


0.00005 


Single crystal 
/(1 00) 


Ditto 


Ditto 


Yes 




5 


HO 


Ditto 


Ditto 


Ditto 


Yes 




6 


15 


Ditto 


Ditto 


Not conducted 


ICO 




7 


0.00005 


Single crystal 
/(HI) 


Ditto 


Not conducted 


No 




8 


15 


Single crystal 
/(100) 


Arserric 


Hydrofluoric acid 


Yes 




9 


15 


polycrystal 


Boron 


Not conducted 


Yes 




10 


15 


Ditto 


Ditto 


Mixed acid 


No 




11 


15 


Ditto 


Ditto 


Not conducted 


No 



Etching test 



One of the above-produced plasma etching electrodes was set in a plasma etching apparatus; a reactive gas (a 
mixed gas consisting of trrf luoromethane, argon and oxygen) was passed through the apparatus to generate a plasma; 
thereby, the oxide film of a silicon wafer of 8 in. was etched; and the number of particles of 0.3 urn or more adhering on 
the wafer surface was counted. The results are shown in Table 3. 
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Table 3 



5 




Evaluation of etching 




Evaluation of etching 






Amount of 
dust 

onto 10th 


Amount of 

UUB L. 




Amount of 
dust 

gmicj. -i-Ai^ 

onto 10th 


Amount of 


10 




adhering 
onto 

1000th 

treated 
wafer 




adhering 
onto 

1 000-hh 

treated 
wafer 






treated 
wafer 




treated 

wax. csx. 


15 




1 


8 


4 




1 


31 


52 




2 


9 


11 




2 


26 


31 






3 


10 


11 




3 


22 


46 






4 


6 


8 




4 


23 


32 


20 




5 


8 


9 


Compar- 
ative 


5 


40 


49 






6 


4 


7 


6 


30 


51 






7 


5 


10 


Example 


7 


34 


54 


25 




8 


8 


4 




8 


21 


49 






9 


5 


6 




9 


82 


130 






10 


8 


3 




10 


66 


97 


30 


Exam- 


11 


10 


6 




11 


73 


144 




ple 


12 


10 


5 












13 


10 


12 








35 




14 


10 


12 












15 


8 


10 












16 


8 


10 








40 




17 


6 


8 










18 


6 


10 












19 


9 


6 








45 




20 


6 


5 










21 


10 


6 












22 


10 


8 









50 



As shown above, with the plasma etching electrode of the present invention, dust generation can be minimized dur- 
ing etching, and plasma etching can be conducted at a high yield and at a high accuracy. 

55 Claims 

1. A plasma etching electrode made of single-crystal silicon, which has an electric resistance of 0.0001-40 Gem, 
whose crystal faces are (100), which is doped with boron or phosphorus, whose surface has been subjected to an 
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etching treatment with an acid, and which has been subjected to a heat treatment in vacuum. 
2. A plasma etching electrode according to Claim 1 , wherein the amount of doping with boron is 1 x1 0~ 4 to 1 x1 0" 3 ppm. 

5 3. A plasma etching electrode according to Claim 1 , wherein the amount of doping with phosphorus is 3x1 0" 4 ppm to 
10%. 

4. A plasma etching electrode made of polycrystalline silicon, which has an electric resistance of 0.0001-40 ncm, 
which is doped with boron or phosphorus, whose surface has been subjected to an etching treatment with an acid, 

10 and which has been subjected to a heat treatment in vacuum. 

5. A plasma etching electrode according to Claim 4, wherein the amount of doping with boron is 1 x1 0" 4 to 1 x1 0" 3 ppm. 

6. A plasma etching electrode according to Claim 4, wherein the amount of doping with phosphorus is 3x1 0" 4 ppm to 
75 10%. 

7. A process for producing a plasma etching electrode, which comprises doping metallic silicon with boron or phos- 
phorus, subjecting the surface of the resulting material to an etching treatment with an acid, and subjecting the sur- 
face-etched material to a heat treatment in vacuum. 

20 
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(54) Plasma etching electrode and process for production thereof 

(57) The present invention provides: 

a plasma etching electrode made of single-crystal 
silicon, which has an electric resistance of 0.0001- 
40 Qcm, whose crystal faces are (100), which is 
doped with boron or phosphorus, whose surface 
has been subjected to an etching treatment with an 
acid, and which has been subjected to a heat treat- 
ment in vacuum, or a plasma etching electrode 
made of polycrystalline silicon, which has an elec- 
tric resistance of 0.0001 -40 Qcm, which is doped 
with boron or phosphorus, whose surface has been 
subjected to an etching treatment with an acid, and 
which has been subjected to a heat treatment in 
vacuum, and 

a process for producing a plasma etching elec- 
trode, which comprises doping metallic silicon with 
boron or phosphorus, subjecting the surface of the 
resulting material to an etching treatment with an 
acid, and subjecting the surface-etched material to 
a heat treatment in vacuum. 

With the plasma etching electrode, dust generation 
is minimized and uniform etching can be realized. 
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